Recent changes in Lake Michigan's lower trophic levels were hypothesized to have influenced the diet of omnivorous Mysis diluviana. In this study, the stomach contents of Mysis were examined from juvenile and adults collected monthly (April-October) from a 110-m bottom depth site to describe their seasonal diet in Lake Michigan during 2010. Diatoms were the most common prey item ingested, followed by calanoid copepods, and chrysophytes. Dreissenid veligers were documented in mysid diets for the first time in the Great Lakes, and Cercopagis pengoi were not only consumed but even preferred by adults in summer. Diet proportions by weight were dominated by calanoids, although diets showed a marked shift toward cladocerans in autumn. Juvenile and adult Mysis selected primarily for cladoceran prey but also selected for some calanoid copepod taxa. Comparing available Mysis diet data from 1985 to 2010 indicated generally fewer cladocerans and rotifers per gut and less consistent differences in copepods and Peridinium consumed. The seasonal composition of phyto-and zooplankton prey documented herein should be useful to those seeking to understand the trophic role of Mysis in offshore food webs, but caution should be expressed when generalizing similarities in Mysis diets across other lakes because Lake Michigan's population seems relatively more herbivorous.
I N T RO D U C T I O N
In many deep oligotrophic lakes of North America, Mysis diluviana (formerly M. relicta, hereafter Mysis) represents a keystone species in the middle of the food web (Ellis et al., 2011; Gamble et al., 2011; Stewart and Sprules, 2011; Rogers et al., 2014) . Mysis are capable of causing substantial imbalance in food webs by having top down effects on phytoplankton and zooplankton, and mixed effects on fish: they provide a high energy prey source while also competing with planktivorous fish for zooplankton prey (Nero and Sprules, 1986; Chess and Stanford, 1998; Spencer et al., 1999; Ellis et al., 2011) . Mysis undergo extensive diel vertical migrations from near the bottom of a lake during the day to the upper hypolimnion or metalimnion at night (Beeton, 1960; Boscarino et al., 2009) . Consumption, egestion and excretion by mysids throughout the water column (Chipps and Bennett, 2000; Linden and Kuosa, 2004) , coupled with planktivorous and benthivorous fish species selecting for Mysis as prey (Wells, 1980; Hondorp et al., 2005; Gamble et al., 2011; Isaac et al., 2012) , illustrate the key linkage that Mysis serves between the benthic and pelagic food webs (Johannsson et al., 2001; Takahashi, 2004; Sierszen et al., 2011) .
Mysis has been characterized as an opportunistic omnivore that consumes a wide range of benthic and pelagic prey resources such as zooplankton, phytoplankton, amphipods, insects, detritus, pollen (Grossnickle, 1982; Johannsson et al., 2001 Johannsson et al., , 2003 and even other mysids (McWilliam, 1970; Nordin et al., 2008) . One consistent finding among studies, however, is a clear preference for cladoceran prey (Grossnickle, 1978; Cooper and Goldman, 1980; Bowers and Vanderploeg, 1982; Nero and Sprules, 1986) . Recent models have indicated that consumption of zooplankton by mysids can even exceed that of planktivorous fish populations in Lakes Huron (Bunnell et al., 2011) and Ontario (Gal et al., 2006) . As a result, data describing the diet composition of these important invertebrates are key for understanding the biotic interactions among planktivores and their plankton prey in the Laurentian Great Lakes as well as other inland lakes.
Several techniques have been used to describe mysid diets in freshwater, marine and estuarine ecosystems. Examples include stomach analyses (Fockedey and Mees, 1999; Viherluoto et al., 2000; Nordin et al., 2008) , stable isotope estimation coupled with mixing models (Johannsson et al., 2001; Sierszen et al., 2011) , indirect estimation through in situ enclosures (Bowers and Vanderploeg, 1982) and genetic analyses (Gorokhova, 2009 ). Although they provide only a snapshot estimate, stomach analyses can be invaluable because they can provide quantitative and verifiable diet information whereas the other techniques can be limited to presence/absence information or may require assumptions about which prey species are actually being consumed. Unfortunately, relatively few studies have conducted diet analyses of mysids based on examination of stomach contents because it is time intensive and requires expertise to be able to identify prey by their fragments and parts.
To our knowledge, within the Laurentian Great Lakes only a few studies have analyzed the stomach contents of Mysis using microscopy. Johannsson et al. (Johannsson et al., 2001 ) used stomach analyses and stable isotope mixing models to quantify diets in Lake Ontario during spring, summer and autumn. They reported that phytoplankton (mainly diatoms) accounted for 50% of the assimilated diet in spring, whereas in summer and autumn mysids relied almost exclusively on zooplankton. One caveat was that their study was limited to animals .12 mm, thereby omitting the diets of smaller juveniles. In contrast, Grossnickle (Grossnickle, 1979) concluded that mysids in Lake Michigan continued to utilize phytoplankton during summer. McWilliam (McWilliam, 1970) and Grossnickle (Grossnickle, 1978) noted that Lake Michigan Mysis (size range ¼ 5.0 to 21.5 mm) were primarily herbivorous regardless of life stage. As a small part of another study that focused on diets of Leptodora kindtii, Branstrator and Lehman (Branstrator and Lehman, 1991 ) also described diets of mysids (8 -22 mm) in Lake Michigan during June and July 1985; they reported consumption of zooplankton and the dinoflagellate Peridinium, but did not mention other phytoplankton. Results from these studies provide a baseline for expanding our knowledge on the trophic role of Mysis in food webs, but may not be sufficient to characterize current pathways of dietary sources to mysids in the Great Lakes.
Given the opportunistic feeding nature of mysids, we hypothesize that their diets have changed since they were last described in Lake Michigan in 1985. Since that time, several changes have occurred in Lake Michigan's food web that could affect mysid feeding ecology. First, there has been the introduction and proliferation of several non-indigenous species, including the spiny water flea (Bythotrephes longimanus), fishhook water flea (Cercopagis pengoi), zebra mussels (Dreissena polymorpha) and quagga mussels (Dreissena bugensis). The expansion of invasive mussels (herein dreissenid mussels) was associated with drastic declines in the benthic amphipod Diporeia (Nalepa et al., 2009) , which was consumed by Mysis in Lake Ontario (Johannsson et al., 2001) . In addition, primary production has been reduced in the 2000s due to the direct effects of mussel filtration and indirect effects of mussels influencing phosphorus availability Vanderploeg et al., 2010; Pothoven and Fahnenstiel, 2013) . The proliferation of the spiny water flea also led to significant declines of several daphnids (a preferred mysid prey) in Lake Michigan in the 1980s through 1990s (Barbiero and Tuchman, 2004) , and cladoceran biomass has further declined in the 2000s as well (Barbiero et al., 2012; Vanderploeg et al., 2012) .
In this study we quantified monthly (April -October) diets of Mysis in Lake Michigan using stomach contents. Our objectives were to (i) evaluate seasonal diet differences between juvenile (,10 mm) and adult (!10 mm) mysids, (ii) estimate the selectivity and mysid size class consuming different crustacean zooplankton prey types and (iii) compare our results to those from 1985. Given the food-web changes that have occurred since 1985 and the opportunistic feeding behavior of mysids, we hypothesized that the diets would include relatively low occurrences of phytoplankton, daphnids and Diporeia. Furthermore, we predicted that mysids would compensate for the food-web changes by broadening their diets to include non-indigenous species such as Cercopagis (sensu Gorokhova and Lehtiniemi, 2007) , Bythotrephes (sensu Nordin et al., 2008) and veligers, the planktonic larvae of dreissenid mussels.
M E T H O D
During 2010, Mysis in Lake Michigan were sampled one night per month (April -October) southeast of Frankfort, Michigan, USA at a site with a bottom depth of 110 m (44830.04 0 , 286820.24 0 ). Using only red lights on the back deck, samples were collected at least 1 h after sunset (between 2300 and 0200 hours) with vertical whole-water column tows using a 1-m diameter conical net (500-mm mesh, 250-mm cod-end). Mysid sampling occurred within 1 week of a new moon except for September. Upon retrieval, the contents were narcotized with Alka-Seltzer and then preserved in ethanol.
Crustacean zooplankton and rotifers were sampled at the same site within 24 h of the Mysis sampling for each month except August (when zooplankton and rotifer sampling preceded Mysis sampling by 1 week). Crustacean zooplankton were sampled from 2 m above the bottom to the surface using a 153-mm mesh net (0.5-m diameter), whereas rotifers, dreissenid veligers and copepod nauplii were sampled in the upper 20-m of water using a 63-mm mesh net (0.5-m diameter). Each net was equipped with a flowmeter to estimate volume (m 3 ) sampled. Enumeration in the laboratory followed the protocol described in Bunnell et al. (Bunnell et al., 2011) . Briefly, for crustaceans, at least 200 individuals were subsampled from a known volume using a counting wheel and dissecting microscope. In addition, largerbodied predatory cladocerans were enumerated from the entire sample in a shallow pan with a magnifying light. For the smaller-mesh samples, two 1-mL subsamples (of known dilution) were enumerated under a Sedgwick-Rafter cell at Â100 magnification. For each subsample, between 200 and 400 individuals were identified.
For analyses in each mesh, the first 20 individuals of a given taxon were measured to the nearest 10 mm for crustaceans and to the nearest 1 mm for rotifers, veligers and nauplii. Copepods were measured from the anteriormost part of the cephalosome to the distal end of the caudal ramus. Non-predatory cladocerans (i.e. daphnids, bosminids and chydorids) were measured from the top of their head to the base of the caudal spine or the distal most part of their carapace. Bythotrephes were measured from the proximal end of its spine to the base of the "S-curve" of the spine (Garton and Berg, 1990) . Cercopagis and Leptodora were measured from the top of the head to the base of the caudal spine (Rosen, 1981; Makarewicz et al., 2001) . Rotifers were measured for either their length or width (or both); details can be found in EPA GLNPO (EPA GLNPO, 2003) . Veligers were measured along their longest axis.
We examined the stomach contents from twenty individuals per month: 10 juveniles (,10 mm) and 10 adults (!10 mm). Under a dissecting scope equipped with an ocular micrometer, the length of each mysid was measured from the tip of the rostrum to the tip of telson (nearest 10 mm). Each stomach was then removed and transferred to a Sedgewick-Rafter counting cell where the contents were exposed and distributed before being topped with a coverslip for subsequent enumeration under a compound microscope. Only the contents of the cardiac stomach (i.e. foregut) were examined because this was the most recent material to be ingested and is most suitable for diet studies (Johannsson et al., 2001) . To document identifiable body parts, a subset of images of digested prey items was captured using the SPOT image software.
We used different diagnostic characteristics (e.g. mandibles, tail spines, rostra, antennal segments, caudal rami, post abdominal claws, lorica and trophi) to identify the fragmented zooplankton body parts (see Table I , Fig. 1 ) and were able to assign prey to species for only a subset of taxa. Rotifers were identified to genus from intact lorica or trophi. For some calanoid copepods (Limnocalanus macrurus, Senecella calanoides and Epischura lacustris), we identified individuals to species based on mandible structure. For the other calanoid species (e.g. Leptodiaptomus sicilis, L. minutus and L. ashlandi), we identified them as diaptomids based on mandibles and 5th legs but could not consistently resolve them to the species level. In general, cyclopoid copepods and harpacticoids were identified by their mandibles and caudal rami but could not be more finely resolved. One exception was that Diacyclops thomasi could be recognized when caudal rami were intact. Cladocerans were identified to genus or species using mandibles, post abdomens, rostra or caudal spines. Other non-zooplankton prey were enumerated when sufficiently intact for identification (e.g. conifer pollen, water mites, Hydra and chironomid). For taxa where multiple diagnostic parts could be used, the one that yielded the highest prey count in a given stomach was used.
The contribution of some non-zooplankton prey was difficult to enumerate because they were often shattered in stomach contents (sensu Johannsson et al., 2001) . As a result, we noted the presence/absence of the following categories: detritus, veligers and 18 different phytoplankton taxa (Table I) . Most of these phytoplankton taxa were identified to genus, but when that was not possible we described their general form (e.g. centric, colonial and pennate). Finally, because the dinoflagellate Peridinium remained intact in stomachs, it was individually counted to facilitate comparison to Branstrator and Lehman (Branstrator and Lehman, 1991) .
As the broadest indicator of mysid diet composition, we pooled juveniles and adults in each month and reported frequency of occurrence for each prey taxon. For the prey taxa that were enumerated (i.e. all zooplankton, conifer pollen, water mites, Hydra and chironomid, but not Peridinium), we calculated mean diet proportion (by dry Meyer (1989) Mean dry weight for zooplankton was calculated for a given taxon across the mean weights estimated for each month; for each month we averaged across life stages (excluding nauplii) if multiples ones were present. Mean dry weight for the other coarse prey types used the same approach for chironomids and water mites but for pollen and Hydra previously published values were used. a Comprised of three species (Leptodiaptomus sicilis, L. minutus and L. ashlandi) and diaptomid copepodites.
JOURNAL OF PLANKTON RESEARCH j VOLUME 36 j NUMBER 4 j PAGES 989-1002 j 2014 weight) across the 10 individuals in each size class in each month. Because we could not consistently estimate lengths of each prey taxon, we used estimates either from the literature or mean estimated weights derived from concurrent zooplankton tows. To characterize seasonal diet changes, we averaged the diets of April-June (spring), July-August (summer) and September-October (autumn) for each size class. We used chi-squared analysis to determine whether the diet proportions varied between juveniles and adults for each month. To further explore ontogenetic diet shifts, we calculated the frequency of occurrence for various crustacean zooplankton prey types for each of five size classes (ranging from ,6 to 16þ mm). Selectivity for each crustacean zooplankton prey was determined monthly for juvenile and adult mysids using the selectivity coefficient W 0 (Vanderploeg and Scavia, 1979) calculated as:
where the ratio of prey abundance in the diet (r) to that in the environment ( p) for taxon i was divided by the highest ratio estimated for any taxon within that sampling . Selectivity ranged between 1 (maximum) and 0. After examining the distribution of W 0 i values in our results, we decided that 0.3 separated taxa into those that were more indicative of selection (.0.3) and those that were less indicative of selection (,0.3). Analysis was restricted to 10 crustacean zooplankton taxa that were observed in Mysis diets and were sampled without bias with our whole-water column zooplankton tows; harpacticoids were excluded because they are tightly associated with the bottom, whereas copepod nauplii were excluded because they were assessed only in the top 20 m of the water column. Copepodite and adult life stages were summed for a given taxon since we were unable to consistently distinguish the life stages in stomach contents.
To explore whether the number of prey items consumed differed between 1985 and 2010, we exploited 1985 results presented in Branstrator and Lehman (Branstrator and Lehman, 1991) . Specifically, they reported the mean number of Daphnia spp., Bosmina spp., Leptodora kindtii, copepods (calanoids, cyclopoids and harpacticoids), rotifers and the dinoflagellate Peridinium consumed per individual mysid stomach at an offshore site in southern Lake Michigan. Although this comparison is not ideal (i.e. sampling locations are in different basins), to our knowledge it represents the only study that allowed us to explore how food-web shifts between 1985 and 2010 could be influencing mysid feeding patterns. We assume that the well-documented and dramatic changes in the composition of mysid prey between these time periods would be far greater than any site-specific differences in prey composition between these two sampling sites within a given year. For both June and July, we compared the 1985 mean to individuals of similar sizes sampled in 2010 with a one-sample t-test (a ¼ 0.05).
R E S U LT S
Forty-five taxa were identified from the stomach contents of juvenile and adult Mysis (length range ¼ 3.7-18 mm, Table I ; Fig. 1 ). In each month, phytoplankton, zooplankton and conifer pollen occurred in the diets of both juveniles and adults (Table II) . Averaging across all months, diatoms (chiefly Fragilaria spp.) were the most commonly occurring food item (occurring in 100% of the diets in four of the months, mean ¼ 92%), followed by calanoid copepods (73%, mainly Leptodiaptomus spp.), and chrysophytes (69%, exclusively Dinobryon spp.). Conifer pollen and herbivorous cladocerans were both observed in 50% of all stomachs dissected. The two most common herbivorous cladoceran genera were Bosmina spp. (43.6%) and Daphnia spp. (30.7%). Among copepod prey, calanoids were more common than cyclopoids and harpacticoids combined, and nauplii were only observed in three diets. Overall, calanoids were relatively more common in spring than in autumn diets and occurrence of cladocerans increased through summer and autumn months.
Aside from consuming native zooplankton prey, mysids in Lake Michigan also consumed invasive Cercopagis pengoi and dreissenid veligers. Cercopagis was found in adult mysid stomachs from July to September, and was most common Table III) . For adult Mysis, calanoids or herbivorous cladocerans were the dominant prey depending on the month (Table III) . Within calanoids, Limnocalanus was the dominant calanoid prey by weight (37.9%) during spring, followed by diaptomids (27.5%), Senecella (9.4%) and Epischura (0.6%). This differed from summer and autumn when diaptomids were the most important calanoid prey (30.1 and 15.5%, respectively) followed by Epischura (22.1 and 8.1%, respectively). Limnocalanus was absent in summer diets and uncommon in autumn diets (4.1%), while Senecella represented ,2% of the diet during summer and autumn. During autumn, cladocerans (predatory and herbivorous) were the most important prey constituting at least 60% of adult mysid diets, compared with spring (2.5%) and summer (38.4%) when these were less important. Cyclopoids never comprised .7% of adult diets in any month, and harpacticoids, nauplii and rotifers were always ,1% of diet proportions.
Similar to the adults, diet proportions for juveniles were dominated by either calanoid copepods or herbivorous cladocerans, depending on the month (Table III) . One surprise was that pollen accounted for 39% of the juvenile diet in spring. If pollen was excluded, then calanoids accounted for .90% of the diet in the spring. In summer, calanoids comprised 42% of the diet, while pollen decreased to 9% and herbivorous cladocerans increased to 18%. In autumn, juveniles switched to feeding primarily on herbivorous cladocerans (mean ¼ 52%). Cyclopoids never comprised .10% of juvenile diets per month, and only one copepod nauplius was observed during September and harpacticoids were never consumed. Rotifers always comprised ,1% of the diet except for July, when they equaled 33.6%.
The occurrence of crustacean zooplankton in mysid diets generally increased with mysid size (Fig. 2) . The largest crustacean zooplankton prey (i.e. Leptodora kindtii, Senecella calanoides, Limnocalanus macrurus) tended to occur more frequently in the diets of the largest mysid size 
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classes (9 -12 mm, 12 -15 mm, 16þ mm, Fig. 2 ), although their frequency never exceeded 40%. The occurrence of more intermediate-sized prey (Epischura lacustris, Daphnia spp.) also increased with increasing size classes. Diaptomids were relatively common (i.e. .65%) in all but the smallest mysid size class. Bosmina spp., the smallest zooplankton prey, was also found in all mysid size classes, though did not have as high a frequency as that of diaptomids. Across all months, mysids demonstrated diverse feeding strategies given that juveniles selected (i.e. W 0 i .0.30) for three different prey taxa, whereas adults selected for seven different ones (Fig. 3) . Juveniles preferred one herbivorous cladoceran taxon in each month: Bosmina spp. was selected from April to July and then again in September, whereas Daphnia spp. was selected from August to October. The only non-cladoceran targeted by juvenile mysids was the calanoid Epischura lacustris, which was the most preferred taxon in September. Adult mysids selected for at least one cladoceran taxon in each month, but in some cases it was a predatory rather than herbivorous one. During spring, adults selected for Bosmina spp. and Senecella calanoides in both April and May, and then switched to selecting for Daphnia spp. along with Senecella calanoides in June. Epischura lacustris was selected for only in May. During summer, adults targeted Cercopagis pengoi in each month, and also selected for Daphnia spp. in August. During autumn, adults maintained their preference for predatory cladocerans in September, but targeted Leptodora kindtii instead of Cercopagis pengoi. During October, adults shifted back to selecting for Daphnia spp. and also Alona spp. (another herbivorous cladoceran).
The diet in 2010 contained fewer crustacean zooplankton than the diet in 1985. Declines occurred in Bosmina and rotifers in June and July, copepods in July and Daphnia in June (Table IV) . The only instance when consumption of zooplankton was higher in 2010 than in 1985 was for copepods in June (Table IV) . The number of Leptodora in the diets did not differ between 1985 and 2010, as they were rare in both years. The most substantial difference between the time periods was a marked increase in the dinoflagellate Peridinium from 1 per gut in July 1985 to 42 per gut in July 2010.
D I S C U S S I O N
Given the changes in Lake Michigan's food-web that have occurred since the mid-1980s when Mysis diets were last investigated, we hypothesized that consumption of phytoplankton, daphnids and Diporeia would be relatively rare, while non-indigenous prey such as predatory cladocerans (Bythotrephes and Cercopagis) and planktonic veligers of Dreissena spp. would be incorporated. Our results were only partially supportive of these hypotheses. As predicted, Mysis consumed non-indigenous Cercopagis and dreissenid veligers, and did not consume Diporeia. Opposite from our prediction, however, Bythotrephes was not consumed and phytoplankton was found in 92.1% of mysid diets across the three seasons. Furthermore mysids continued to select for herbivorous cladoceran prey, despite declines in their abundance. In October, for example, daphnids comprised nearly half of the zooplankton diet for both juveniles and adults. In general, Mysis consumed a wide range of prey between April and October, with the greatest reliance on calanoid copepods, cladocerans, phytoplankton and pollen. We observed seasonal diet shifts, from calanoids in spring to cladocerans in autumn, which coincides with the relative abundance of these species through the year (Vanderploeg et al., 2012) . Other zooplankton taxa, including rotifers, cyclopoid copepods and harpacticoids, were relatively unimportant prey for mysids.
Herbivory remained a key Mysis feeding strategy in Lake Michigan despite lake-wide changes in phytoplankton composition and abundance, a reduced spring diatom bloom, and declining chlorophyll concentrations through spring and summer Barbiero et al., 2012; Pothoven and Fahnenstiel, 2013) . Outside of Lake Michigan, mysid diets generally shifted to zooplanktivory during summer months (Johannsson et al., 2001; Nordin et al., 2008) . In fact, in the study most comparable to ours, Johannsson et al. (Johannsson et al., 2001) reported that diatoms were only important to mysid diets in spring in Lake Ontario. The sub-surface deep chlorophyll layer (DCL) is the likely source of summer diatoms for Lake Michigan mysids, given that thermal restrictions inhibit mysids from entering warmer Fig. 2 . Frequency of occurrence for a given crustacean zooplankton prey category (larger the diameter of the circle, the higher the frequency) as a function of mysid size class. Prey categories are ranked in order of increasing body size from concurrent zooplankton samples.
epilimnetic waters (Beeton, 1960; Boscarino et al., 2009) and Mysis populations often concentrate in the DCL at night (Bowers and Grossnickle, 1978) . Differences in the depth of the DCL could explain seasonal differences in herbivory between mysids in Lakes Michigan and Ontario because the DCL in Lake Ontario has historically occurred higher in the water column than in Lake Michigan . In Lake Michigan, the DCL has been comprised of diatoms such as Aulocoseira, Cyclotella, Fragilaria and Tabellaria (Brooks and Torke, 1977; Fahnenstiel and Scavia, 1987; , and these were the primary phytoplankton taxa observed in our diets.
Previous studies in Lake Michigan have indicated mysid herbivory during summer and autumn, as well as spring (McWilliam, 1970; Bowers and Grossnickle, 1978; Grossnickle, 1979) . Because our study is not directly comparable with these, we cannot discern whether herbivory has changed in 2010 relative to earlier decades. We did find, however, that the number of Peridinium per mysid stomach increased between July 1985 and 2010, which suggests that herbivory has not declined despite declines in spring and summer chlorophyll in Lake Michigan Barbiero et al., 2012; Pothoven and Fahnenstiel, 2013) . Mysis herbivory may be affected by the DCL and to what extent its magnitude or duration has been altered with the proliferation of dreissenid mussels appears to vary with season. For example, lakewide data estimated in August through 2006 revealed the DCL to be increasing (Barbiero et al., 2009 ) whereas data offshore of Muskegon, Michigan collected in at least monthly intervals revealed declines in the DCL during early summer (June-July) and no change in late summer (Aug-Sept) after 2007 compared with pre-dreissenid establishment (Pothoven and Fahnenstiel, 2013) . Pothoven et al. hypothesized that juvenile and adult Mysis were more herbivorous in Lake Michigan during the pre-dreissenid era because of the relatively large bloom of spring diatoms and larger magnitude DCL in the summer, and observed a positive correlation between young mysid abundance and spring chlorophyll concentration. While we were unable to test whether there has been any quantitative change regarding phytoplankton in diets over time, our results revealed that herbivory does indeed persist throughout seasons for both juveniles and adults. In summary, it is difficult to determine whether the magnitude of herbivory in Lake Michigan has varied over the past decades, but our work illustrates that mysids continue to feed on phytoplankton throughout the growing seasons despite declines in their production. Additional research describing changes to the DCL would also be critical to improving our understanding of mysid feeding ecology and the prevalence of herbivory. Further, directly quantifying the contribution of phytoplankton relative to other prey in mysid diets will illustrate just how critical herbivory may be to recruitment success.
The prevalence of pollen in offshore mysid diets indicates that terrestrial resources could be a potentially important carbon source for juveniles in spring. A growing body of literature highlights the potential importance of terrestrial inputs to production of zooplankton and planktivorous fish in small freshwater lakes (Carpenter et al., 2005; Cole et al., 2011) , although their importance to the offshore community in systems as large as the Laurentian Great Lakes is less studied. In fact, pollen dispersal into the offshore Great Lakes is not well documented but pollen grains are often observed in plankton samples (O'Malley, unpublished data) , and have been documented as food items in several other mysid diet studies (Rudstam et al., 1989; Fockedey and Mees, 1999; Viherluoto et al., 2000) . To the best of our knowledge this has not yet been discussed as a potential energy pathway for Great Lakes mysids. Whether pollen is consumed as "by-catch" or actively preyed upon by mysids remains unknown, although we hypothesize that it is more the former given that pollen is relatively small in size compared with zooplankton and that mysids are known to filter their prey on some occasions.
Invasive-driven alterations in zooplankton community structure can influence Mysis diets (Cooper and (Branstrator and Lehman, 1991) (Branstrator and Lehman, 1991) were converted to mean prey stomach 21 for comparison and July 1985 is averaged from July 18 and July 31. Goldman, 1980; Gorokhova and Lehtiniemi, 2007; Nordin et al., 2008) . Our observation of non-native dreissenid veligers and Cercopagis in Mysis stomachs confirmed a new trophic linkage in Lake Michigan but was not unexpected given the opportunistic feeding habits of Mysis. Freshwater calanoids and larval fishes found in Lake Michigan are capable of consuming larval Dreissena (Liebig and Vanderploeg, 1995; Mills et al., 1995) , but to our knowledge our diet data provide the first observation that Mysis consume veligers as well. Although the proportion in the diet could not be quantified in this study, they did not appear to be a major diet component based on their relative volume and low occurrence in diets. Hence, mysids likely have little impact on planktonic dreissenid mortality.
Across all of our study months, Cercopagis was less common in diets than dreissenid veligers, likely because Cercopagis only occurs during a limited number of weeks in the summer in Lake Michigan (Cavaletto et al., 2010) and because this species occurs largely in the epilimnion (Makarewicz et al., 2001 ). Gorokhova and Lehtiniemi (Gorokhova and Lehtiniemi, 2007) found that juvenile mysids were more likely to consume Cercopagis than adult mysids in the Baltic Sea, and speculated that this could be attributed to juvenile mysids migrating higher in the water column. In contrast we found more Cercopagis in adult diets. Consumption of native predatory cladocerans has been previously documented for mysids (i.e. Leptodora, Branstrator and Lehman, 1991) and predatory cladocerans are capable of consuming each other (Branstrator, 1995; Witt and Cáceres, 2004 ), but have not been observed to consume mysids.
Bythotrephes longimanus is another invasive predatory cladoceran that occupies a similar niche to Cercopagis but accounts for a greater proportion of zooplankton community biomass than Cercopagis in Lake Michigan Cavaletto et al., 2010; Vanderploeg et al., 2012) . Even though it is up to 10 times larger than Cercopagis (in terms of body mass), Bythotrephes has been hypothesized to be a potential prey of Mysis in the Great Lakes (Sierszen et al., 2011) and has been observed in the diets of mysids in smaller lakes (Nordin et al., 2008) . However, Bythotrephes was not observed in stomach contents during this study, and possible explanations include the relatively large size or the potential for Bythotrephes to occupy even shallower depths in the water column than Cercopagis. Regardless of the ultimate explanation, it appears that the interactions between Bythotrephes and Mysis are more competitive than predatory in nature (Foster and Sprules, 2009) , specifically competing for their preferred cladoceran prey (Schulz and Yurista, 1999) .
Comparing the average number of prey in a given mysid stomach between 1985 (Branstrator and Lehman, 1991) and 2010 revealed changes for multiple taxa. In June and July 2010 we found fewer bosminids in mysid stomachs than in June and July 1985. We found a similar pattern for daphnids in June, but no difference between 1985 and 2010 in July. Perhaps the most likely explanation is declining cladoceran densities in the 2000s (Barbiero et al., 2012; Vanderploeg et al., 2012) . Copepods (namely calanoids) have increased their representation in Lake Michigan's zooplankton community over the same time period (Barbiero et al., 2012) . We expected that copepods would have increased in Mysis diets to fill the void left by daphnid and bosminid prey, but this was not entirely the case. During June, we did find more copepods per gut in 2010 than in 1985, but in July just the opposite pattern occurred. Although these comparisons are not ideal given the small differences in mysid sizes and the differences in sampling location, they still offer a reasonable test as to whether significant diet changes have coincided with the large food-web changes. The changes we observed further indicate the flexibility of Mysis to alter their diets in response to changing prey densities.
A large portion of adult diets in spring were comprised of Limnocalanus, possibly because this is the time of year when Limnocalanus copepodite stages are most abundant and likely easier for mysids to catch than adults. In Lake Ontario only large mysids (.9 mm) consumed Limnocalanus (Johannsson et al., 2003) and it was the most important zooplankton prey in spring diets (Johannsson et al., 2001 ). Similarly we found Limnocalanus to be relatively important in spring diets, and their frequency of occurrence was highest among mysids 9 mm and larger (although we documented Limnocalanus in the diets of three mysids ,9 mm during spring). Zooplankton species and certainly life stages differ in their predator escape response speeds. For example, Grossnickle (Grossnickle, 1978) suggested that relatively low mysid predation on Limnocalanus was explained by an effective prey escape response; Chess and Stanford (Chess and Stanford, 1998) also speculated that Diaptomus (Leptodiaptomus) sicilis and Senecella escape predation by mysids in Waterton Lake. Since Limnocalanus, L. sicilis, Senecella and mysids co-occur in the hypolimnion, mysids should have greater access to these prey. In this study, however, we observed L. sicilis, Senecella and Limnocalanus in diets, although Senecella was the only one for which selection was identified. Furthermore, Senecella only occurred in the diets of mysids 9 mm and larger. In total, mysids are capable of exploiting calanoid copepods in Lake Michigan, and adults even select for Senecella whereas both life stages selected for the calanoid genus Epischura.
Mysids in Lake Michigan continued to select for cladocerans over other crustacean zooplankton prey, even in light of their declines in abundance. Our results revealed that juveniles selected for the smaller-sized cladocerans (e.g. Bosmina and Daphnia) whereas adults selected for larger-sized cladocerans (e.g. Cercopagis and Leptodora), thus supporting the widely accepted view from previous lab and field diet studies that Mysis prefers cladoceran prey. Because whole-water column tows were used to estimate prey abundance for Mysis selectivity, we note that we could be overestimating the availability of prey given that mysids may be restricted to sub-thermocline habitat during summer and autumn. Interestingly we still found relatively high percentages of cladocerans in diets even though most cladocerans migrate up into epilimnetic waters at night (Pangle et al., 2007) ; thus, mysids may be selecting for cladocerans even more heavily than we estimated.
One caveat to using stomach content analysis is that small soft-bodied prey such as nauplii and some rotifer taxa may disintegrate rapidly in the gut; therefore their contribution might be underestimated (Rudstam et al., 1989) . We observed nauplii and soft-bodied rotifers (e.g. Asplanchna spp., Conochilus spp. and Trichocerca spp.) in mysid stomachs, with rotifers being more common and comprising a major portion of juvenile diets in July, but left these groups out of our selectivity analysis due to potential biases with our methods that may have underestimated their abundance in diets or in the environment (since rotifers and nauplii were only sampled in the upper 20 m of the water column).
The diet results presented herein will be useful in developing food-web models and determining the extent to which this keystone species can help structure the zooplankton community. Our results support the findings of previous studies (e.g. selection for cladocerans) while updating knowledge on the current feeding ecology of Mysis presented with a contemporary plankton community heavily influenced by invasive cladocerans and dreissenid mussels. In light of declines in primary production in Lake Michigan, Mysis retained herbivory throughout the growing season and even as adults. Future research efforts should focus on estimating the relative contribution of phytoplankton and zooplankton to the Mysis diet; we were unable to quantify the percentage of the diet that was phytoplankton, but future work that exploits the use of isotope data and mixing models may be especially helpful. Furthermore archival mysid samples could be examined for stomach contents to track temporal changes in their diet concurrently with alterations in food-web structure to tease apart the effects of such changes on Mysis' diet in Lake Michigan.
